The study determined, in a population-based setting, whether dilatation of the thoracic aorta is an atherosclerosis-related process. BACKGROUND The role of atherosclerosis in thoracic aortic dilatation and aneurysm formation is poorly defined.
were included in the current analysis. Twelve subjects were excluded from the analysis because of aortic valve disease (bicuspid aortic valve [n ϭ 3], aortic valve stenosis [transaortic flow velocities Ͼ2.5 m/s; n ϭ 5], more than moderate aortic valve regurgitation [n ϭ 1], and aortic valve prostheses [n ϭ 3]), and three were excluded because measurements of aortic dimensions were unavailable. The clinical characteristics of the study population are presented in Table 1 . This study was approved by the Mayo Clinic Institutional Review Board. Written, informed consent was obtained from all participants. Clinical and laboratory data. Clinical data were collected by interviews and abstracting of medical records (Mayo Clinic and Olmsted Medical Center, the two primary health care providers in Olmsted County). During an office interview related to SPARC, two blood pressure (BP) measurements were taken with the patient sitting, 5 to 10 min apart, and averaged. Treatment of hypertension or hyperlipidemia was defined as the use of antihypertensive or lipid-lowering medications, respectively.
Fasting blood samples were collected (on the day TEE was performed for 97% of participants and within 20 days of TEE for all participants) and analyzed with standard, commercially available assays for plasma lipids, homocysteine, fibrinogen, and high-sensitivity C-reactive protein (high-sensitivity latex-enhanced immunoturbidimetric assay; Kamiya Biomedical Co., Seattle, Washington). TEE. Multiplane TEE was performed, and the ascending aorta, aortic arch, and descending thoracic aorta were visualized in multiple short-and long-axis views using highfrequency (7-MHz) ultrasonographic imaging. The diameter of the aortic lumen was measured at four predefined locations ( Fig. 1) : sinuses of Valsalva, mid-ascending aorta, mid-aortic arch, and mid-descending thoracic aorta. All dimensions were measured at end diastole in long-axis views (sinuses of Valsalva and ascending aorta) or short-axis views (aortic arch and descending aorta). Proximal aortic dimensions (sinuses of Valsalva and ascending aorta) were measured in 373 subjects, and distal aortic dimensions were measured in the latter ϳ80% of study participants (measurements of the aortic arch and descending aorta were available in 283 and 300 subjects, respectively).
The presence of aortic plaques in each aortic segment was documented. Among subjects with plaques, maximal plaque thickness and the presence of mobile debris were determined. For measurements of the aortic lumen diameter, atherosclerotic plaques (when present) were included within the vessel lumen, as demonstrated in Figure 2 . The echocardiographic findings in the study population are presented in Table 1 . Statistical analysis. The associations between demographic, clinical, laboratory, and echocardiographic variables (independent variables) and aortic dimensions (dependent variables) were examined by linear regression. When necessary, variables with a skewed distribution were transformed logarithmically, and the results presented per twofold increase in these variables.
Four parallel series of analyses were performed, corresponding to the four sites of aortic diameter measurements. First, linear and quadratic functions of age and the interactions between age and gender were assessed to determine the best-fitting models (using the appearance of residuals, p values, and R 2 values to determine the best fit). Subsequently, the associations between body size variables (height, weight, body surface area [BSA] , and body mass index [BMI] ) and aortic dimensions were examined in a series of age-and gender-adjusted multivariate stepwise analyses (separate analysis for each aortic site). The body size variable that entered into the stepwise models most frequently was selected as the adjusting variable for all subsequent analyses at all aortic sites.
The associations between each atherosclerosis risk factor and aortic dimensions were examined separately, adjusting for age, gender, and body size. Subsequently, multivariate risk factor models were developed by stepwise analyses, allowing all atherosclerosis risk factors to compete for entry into the models, adjusting for age, gender, and body size. The associations between aortic atherosclerotic plaques, clinical cardiovascular disease, and aortic dimensions were examined, adjusting for age, gender, and body size and also adjusting for the respective multivariate risk factor models. The associations between inflammatory variables and aortic dimensions were examined, adjusting for age, gender, body size, and smoking status (current smoking and past smoking vs. never smoking).
The parameter estimates (ϮSE) of the linear regression analyses are presented, indicating the change in aortic diameter (in millimeters) per unit change in each continuous variable, or in the presence (vs. absence) of each categorical variable. The R 2 values, representing the proportion of variability in aortic dimensions that is explained by the respective models, were calculated.
RESULTS
Age, gender, body size, and aortic dimensions. The aortic dimensions at the four sites, stratified by age and gender, are presented in Table 2 and Figure 3 . On univariate analysis, age and male gender were associated with a greater diameter of the thoracic aorta ( (Table 3) . By stepwise analyses, BSA was the body size variable that entered into the ageand gender-adjusted models most frequently; thus, it was chosen as the adjusting body size variable for all subsequent analyses. Notably, the differences in R 2 values between ageand gender-adjusted models that included all four body size variables and the respective models with BSA as the single adjusting body size variable were 0.02 for the sinuses of Valsalva and 0.01 for all other aortic sites, indicating that the incremental information added by the additional body size variables, beyond that explained by BSA, is minor. Overall, age, male gender, and BSA jointly accounted for 41%, 31%, 38%, and 47% of the variability in dimensions of the sinuses of Valsalva, ascending aorta, aortic arch, and descending aorta, respectively. Atherosclerosis risk factors and aortic dimensions. The relationships between each atherosclerosis risk factor and aortic dimensions are presented in Table 4 . Adjusting for age, gender, and BSA: 1) BP variables were negatively associated with the diameter of the proximal aortic segments (higher systolic BP, diastolic BP, and pulse pressure were associated with a smaller diameter of the sinuses of Valsalva, and higher pulse pressure was associated with a smaller diameter of the ascending aorta) and positively associated with the diameter of the descending aorta (higher diastolic BP and antihypertensive drug treatment, a surrogate of hypertension severity, were associated with a larger diameter of the descending aorta); 2) an atherogenic lipid profile was negatively associated with the diameter of the ascending aorta (higher high-density lipoprotein [HDL] cholesterol and apolipoprotein A-I levels were associated with a larger diameter, and higher triglycerides and apolipoprotein B-100 levels were associated with a smaller diameter of the ascending aorta); and 3) smoking and diabetes mellitus were associated with a larger diameter of the aortic arch and descending aorta, respectively. However, these associations were of minor significance, and each accounted for Ͻ2% of the variability in aortic dimensions, adjusting for age, gender, and BSA.
By multivariate analysis, systolic BP (negative association), HDL cholesterol, smoking, and diastolic BP (positive associations for the latter three variables) were independently associated with the diameter of the sinuses of Valsalva, ascending aorta, aortic arch, and descending aorta, respectively, adjusting for age, gender, and BSA (Table 4) . Overall, these multivariate models accounted for 44%, 32%, 39%, and 48% of the variability in diameters of the sinuses of Valsalva, ascending aorta, aortic arch, and descending aorta, respectively, an increment of Յ3% compared with the variability explained by age, gender, and BSA alone. Atherosclerosis, inflammation, and aortic dimensions. The relationships between aortic atherosclerotic plaques and aortic dimensions are presented in Table 5 . Plaques were negatively associated with the aortic diameter at the sinuses of Valsalva and positively with the aortic diameter at the descending aorta. However, these associations were of minor significance, and each accounted for Ͻ2% of the (n ϭ 27) (n ϭ 34) (n ϭ 27) (n ϭ 27) (n ϭ 23) (n ϭ 29) (n ϭ 24)
Data are presented as the mean value Ϯ SD in mm (number of observations in parentheses). variability in aortic dimensions, adjusting for age, gender, and BSA. The associations of aortic plaques with the diameter of the descending aorta remained significant after adjusting for the respective multivariate risk factor model (p Ͻ 0.05).
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Clinical coronary artery disease (previous myocardial infarction, angina pectoris, percutaneous coronary angioplasty, coronary artery bypass graft surgery, and the combined variable of any of these clinical manifestations) was not associated with aortic dimensions, adjusting for age, Abbreviations as in Table 1 .
Agmon et al. September 17, 2003 September 17, :1076 Thoracic Aortic Dimensions gender, and BSA, except for a borderline association of angina pectoris with the diameter of the descending aorta (p ϭ 0.07). Cerebrovascular disease (previous ischemic stroke, transient ischemic attack, carotid endarterectomy, and the combined variable of any of these clinical manifestations) was not associated with aortic dimensions, adjusting for age, gender, and BSA, except for an association of the combined variable of cerebrovascular disease with the aortic arch diameter (1.01 Ϯ 0.46-mm increase in subjects with cerebrovascular disease; p ϭ 0.03).
Fibrinogen and high-sensitivity C-reactive protein levels were not associated with aortic dimensions at any aortic sites, adjusting for age, gender, BSA, and smoking (p Ͼ 0.05).
DISCUSSION
Our population-based TEE study establishes reference values for thoracic aortic dimensions at multiple sites in a large sample of the general population. Age, gender, and body size account for a large proportion of the variability in aortic dimensions (31% to 47% of the variability in our cohort, a proportion greater than that previously reported in a population-based setting) (6) . When these variables are considered, atherosclerosis risk factors and aortic atherosclerotic plaques are associated with larger dimensions of the distal thoracic aorta. However, these factors account for only a small proportion of the variability in aortic dimensions, suggesting that atherosclerosis plays a minor role overall in aortic dilatation. The lack of association between plasma levels of systemic inflammatory markers (which are associated with the presence and severity of aortic atherosclerotic plaques) (7) and aortic dimensions further supports these observations.
The following unique aspects of our study should be acknowledged. The SPARC study is the only large-scale, population-based TEE study performed to date. Study participants, a random sample of the Olmsted County population, are representative of a wide age range of the nonreferred adult population. Previous transthoracic echocardiographic studies have measured the dimensions of the proximal ascending aorta (6, 8, 9) , the only aortic segment consistently visualized with this method. With TEE, we were able to measure the dimensions of the thoracic aorta at multiple sites and to examine the differential effects of various factors on the proximal and distal thoracic aorta. Moreover, TEE enabled us to assess both aortic dimensions and aortic morphology and to examine the associations between the presence and severity of aortic atherosclerotic plaques (4,7) and thoracic aortic dimensions-associations that have not been examined previously.
The relationship between age and thoracic aortic dimensions has been documented repeatedly (6, 8, 9) . However, aging accounts only partially for the variability in aortic dimensions in the population (6, 8) , and as our findings suggest, age may have a differential effect on different aortic segments (a stronger relation to dimensions of distal thoracic aortic segments). Aortic size is greater in men, a difference partially related to larger body size in men (8) . Various measures of body size are associated with aortic dimensions, and the strength of these associations varies at the different aortic segments (6, 8, 9) . Nevertheless, our data suggest that the correction of aortic dimensions for BSA is a valid, simplified approach for uniformly correcting aortic dimensions for body size at all aortic sites (8) .
The role of high BP as a major risk factor for thoracic aortic dilatation is unclear. Blood pressure showed no independent relation to two-dimensional measurements of the proximal aorta in normal subjects (8) , but it was associated with minimal ascending aortic dilatation in hypertensive subjects (9), a subtle finding of questionable clinical importance. In the Framingham Heart Study, BP variables were inconsistently related to aortic root dimension (diastolic BP and calculated mean BP were positively related, and systolic BP and pulse pressure were negatively related), but overall these relationships were of minimal significance (6) . We observed a weak positive association between BP variables and the diameter of the descending thoracic aorta, but, unexpectedly, BP was negatively associated with the diameter of the proximal aortic segments. As observed for BP, other atherosclerosis risk factors and atherosclerotic plaques showed weak positive and weak negative relationships, respectively, with the dimensions of the distal and proximal aortic segments. Together, these findings suggest that atherosclerosis-related processes have a minor role in distal thoracic aortic dilatation and may have an *Plaques in any location within the aortic segment in which the dimension was measured (i.e., plaques in any location within the ascending aorta [including the sinuses of Valsalva] in relation to the sinuses of Valsalva and mid-ascending aorta diameters, within the aortic arch in relation to the mid-aortic arch diameter, and within the descending aorta in relation to the mid-descending aortic diameter). †Plaques Ն6 mm and mobile debris were not present in the ascending aorta of any subject. NA ϭ not available; PE ϭ parameter estimate; SE ϭ standard error.
